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INTRODUCTION 


Hydraulic roughness (Manning’s n) was estimated for representative cross sections within Santa Clara Valley Water 
District stream channels to support the development of Stream Maintenance Guidelines. The Roughness Atlas is a 
compilation of photographs of each representative cross section, presented in order of estimated hydraulic roughness. The 
method used to estimate hydraulic roughness is described below. A limited number of estimated n-values were validated 
based on available data (flow rates and water surface elevations) from the 2014-2016 period; estimated values generally 
resulted in modeled water surface elevations within +/- 1 ft of observed water surface elevations. 

Roughness Estimation Methodology 

Hydraulic roughness (Manning’s n) values were estimated using methods documented in US Army Corps of Engineer’s 
publication, Robust Prediction of Hydraulic Roughness (US ACE, 2011). Under this method, a base roughness value is 
assigned based on the substrate material in the channel or floodplain (excluding vegetation). The base value is then 
adjusted using factors that represent other roughness components including surface irregularities, obstructions, vegetation, 
and longitudinal variability in cross-sectional shape and size. Each of these values is weighted equally, and then 
multiplied by the degree of channel meandering. Philips and Tadayon (2006) provides estimates for the base value and 
adjustment values based on Cowen (1956), Chow (1959), and Limerinos (1970), summarized in Table 1. 


Table 1. Parameter Values for Individual Roughness Components 


Parameter 

Roughness component 

Category 

Value 



Rock Cut 

0.025 



Firm Earth/Fine Sand 

0.022 



Coarse Sand (1-2 mm) 

0.024 

n b 

Base Material 

Fine Gravel (2-8 mm) 

0.024 



Gravel (2-64 mm) 

0.026 



Coarse Gravel (16-64 mm) 

0.028 



Cobble (64-256 mm) 

0.036 



Smooth 

0 



Minor 

0.005 

IT 

Degree of irregularity 

Moderate 

0.01 



Severe 

0.02 



Gradual 

0 

n s 

Variation in cross-section 

Alternating occasionally 

0.005 



Alternating frequently 

0.0125 




Parameter 

Roughness component 

Category 

Value 



Negligible 

0 



Minor 

0.0125 

n 0 

Effect of obstructions 

Appreciable 

0.025 



Severe 

0.05 



None 

0 



Low 

0.0075 



Medium 

0.0175 

n v 

Vegetation 

High 

0.0375 



High/Very high 

0.05 



Very high 

0.075 



Extremely high 

0.15 



Minor 

1 

m 

Degree of meandering 

Appreciable 

1.15 



Severe 

1.3 


Values were assigned for each of the roughness components based on channel conditions observed from site 
reconnaissance, field survey, cross-section photographs, and aerial imagery. The roughness values were estimated for the 
left bank, main channel, and right bank, and then weighted to compute a composite roughness for the representative cross 
section. An example application of the methodology is shown below. Complete documentation is provided in Appendix 
A. 



Substrate 

Degree of irregularity 
Effect of obstructions 
Vegetation 


Left bank 

Firm earth/fine sand 
Moderate 
Negligible 
High 


Main channel Right bank 

Coarse Gravel Firm earth/fine sand 
Minor Moderate 

Minor Negligible 

None High 


Meandering 

Cross-section variability 


Minor, n = 0.005 
Alternating occasionally, m = 1 


Roughness value 
Area (ft 2 ): 


0.070 0.046 0.082 

176.8 484 231.4 


/0.07 * 176.8 + 0.046 * 
71 ~ V 176.8+48- 


484 + 0.082* 231.4 


- 0.005^ * 


Composite n 
value = 0.065 











Calabazas Creek 
Reach 2a 


Composite Roughness: 0.015 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 

Herbaceous = <1% 

Woody = 0 

Bare ground & 
water 100% 











Lower Penitencia 
Creek Reach 2 


Composite Roughness: 0.015 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 

Herbaceous = <1% 

Woody = 0% 

Bare ground & 
water = 100% 










Calabazas Creek 
Reach 2b 


Composite Roughness: 0.015 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 

Herbaceous = <1% 

Woody = 0% 

Bare ground & 
water = 99% 








San Tomas Aquino, 
Reach 6a 


Composite Roughness: 0.015 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = <1% 
Woody = 0% 

Bare ground & 
water = 99% 










San Tomas Aquino, 
Reach 8a 


Composite Roughness: 0.015 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = <1% 
Woody = 0% 

Bare ground & 
water = 99% 











Berryessa Creek, 
Reach 1 


Composite Roughness: 0.015 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 3% 
Herbaceous = 7% 
Woody = 0% 

Bare ground & 
water = 90% 








San Tomas Aquino, 
Reach 7a 


Composite Roughness: 0.017 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = <1% 
Woody = 0% 

Bare ground & 
water = 99% 















Matadero, Reach 3b 


Composite Roughness: 0.017 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = <1% 
Woody = 0% 

Bare ground & 
water = 99% 







San Tomas Aquino, 
Reach 8b 


Composite Roughness: 0.017 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = <1% 
Woody = <1% 

Bare ground & 
water = 99% 























Matadero, Reach 4b 


Composite Roughness: 0.018 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = 0% 
Woody = 0% 

Bare ground & 
water = 99% 









San Tomas Aquino, 
Reach 5a 


Composite Roughness: 0.020 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 3% 
Herbaceous = 2% 
Woody = 0% 

Bare ground & 
water = 95% 









San Tomas Aquino, 
Reach 5b 


Composite Roughness: 0.020 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 1% 
Herbaceous = 4 % 
Woody = 0% 

Bare ground & 
water = 95% 

























Matadero, Reach 4a 


Composite Roughness: 0.029 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 0% 
Herbaceous = 5% 
Woody = 0% 

Bare ground & 
water = 95% 































Lower Penitencia 
Creek Reach la 


Composite Roughness: 0.030 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 20% 

Herbaceous = 50% 

Woody = 0% 

Bare ground & 
water = 30% 










Lower Penitencia 
Creek Reach lb 


Composite Roughness: 0.030 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 20% 

Herbaceous = 50% 

Woody = 0% 

Bare ground & 
water = 30% 









Lower Penitencia 
Creek Reach 4a 


Composite Roughness: 0.031 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 35% 

Herbaceous = 45% 

Woody = 0% 

Bare ground & 
water = 20% 












Lower Penitencia 
Creek Reach 3c 


Composite Roughness: 0.031 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 

Herbaceous = 35% 

Woody = <1% 

Bare ground & 
water = 25% 











Lower Penitencia 
Creek Reach 4b 


Composite Roughness: 0.031 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 35% 

Herbaceous = 45% 

Woody = 0% 

Bare ground & 
water = 20% 














Golf Creek, Reach 4 


Composite Roughness: 0.032 


Date: Winter 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 65% 
Herbaceous = 15% 
Woody = 5% 

Bare ground & 
water = 15% 










Lower Penitencia 
Creek Reach lc 


Composite Roughness: 0.033 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 60% 

Woody = 0% 

Bare ground & 
water = 25% 












Lower Penitencia 
Creek Reach 3a 


Composite Roughness: 0.033 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 

Herbaceous = 30% 

Woody = <1% 

Bare ground & 
water = 30% 












West Branch Llagas 
Creek, Reach 2a 


Composite Roughness: 0.033 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 50% 
Herbaceous = 15% 
Woody = <1% 

Bare ground & 
water = 35% 









San Tomas Aquino, 
Reach lc 


Composite Roughness: 0.033 


Date: Spring, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 
Herbaceous =55% 
Woody = 0% 

Bare ground & 
water = 30% 








































West Branch Llagas 
Creek, Reach 4 

Date: Winter, 2016 


Composite Roughness: 0.034 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 70% 
Herbaceous = 20% 
Woody = 0% 

Bare ground & 
water = 10% 









West Branch Llagas 
Creek, Reach 2b 


Composite Roughness: 0.035 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 55% 
Herbaceous = 7% 
Woody = 3% 

Bare ground & 
water = 35% 












West Branch Llagas 
Creek, Reach 3a 


Composite Roughness: 0.036 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 50% 
Herbaceous = 15% 
Woody = <1% 

Bare ground & 
water = 35% 










Matadero, Reach 2a 


Composite Roughness: 0.036 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 
Herbaceous = 35% 
Woody = 0% 

Bare ground & 
water = 60% 







West Branch Llagas 
Creek, Reach 1 

Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 55% 
Herbaceous = 25% 
Woody = 5% 

Bare ground & 
water = 15% 


Composite Roughness: 0.037 












Los Gatos Creek 
Reach 5a 


Composite Roughness: 0.037 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 18% 

Herbaceous = 10% 

Woody = 2% 

Bare ground & 
water = 70% 




















Stevens Creek 
Reach la 


Date: Winter, 2015 


Composite Roughness: 0.037 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 

Herbaceous = 45% 

Woody = 0% 

Bare ground & 
water = 15% 










Llagas Creek 
Reach 3b 


Composite Roughness: 0.038 


Date: Winter, 2015 


Estimated 

vegetation 

composition 

(dotted cross- 
section): 

Grasses = 30% 

Herbaceous = 30% 

Woody = 10% 

Bare ground & 
water = 30% 












Llagas Creek 
Reach 3c 


Composite Roughness: 0.039 


Date: Winter, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 

Herbaceous = 20% 

Woody = 5% 

Bare ground & 
water = 35% 









Berryessa Creek, 
Reach 4 


Composite Roughness: 0.039 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 
Herbaceous = 10% 
Woody = <1% 

Bare ground & 
water = 60% 










Llagas Creek 
Reach 3a 


Composite Roughness: 0.040 


Date: Winter, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 45% 

Herbaceous = 35% 

Woody = 5% 

Bare ground & 
water = 15% 










West Branch Llagas 
Creek, Reach 3b 


Composite Roughness: 0.040 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 45% 
Herbaceous = 15% 
Woody = 0% 

Bare ground & 
water = 40% 















Calabazas Creek 
Reach lc 


Composite Roughness: 0.042 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 

Herbaceous = 30% 

Woody = 20% 

Bare ground & 
water = 20% 











San Tomas Aquino, 
Reach 3 


Composite Roughness: 0.043 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 
Herbaceous = 65% 
Woody = 0% 

Bare ground & 
water = 20% 













San Tomas Aquino, 
Reach 4b 


Composite Roughness: 0.044 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 
Herbaceous =30% 
Woody = 0% 

Bare ground & 
water = 30% 













San Tomas Aquino, 
Reach 2 


Composite Roughness: 0.045 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 
Herbaceous = 75% 
Woody = <1% 

Bare ground & 
water = 15% 













Stevens Creek 
Reach lc 


Composite Roughness: 0.046 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 

Herbaceous = 30% 

Woody = 15% 

Bare ground & 
water = 25% 










San Tomas Aquino, 
Reach 4a 


Composite Roughness: 0.047 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 20% 
Herbaceous = 45% 
Woody = <1% 

Bare ground & 
water = 35% 











Berryessa Creek, 
Reach 3b 


Composite Roughness: 0.047 


Date: Summer, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 35% 
Herbaceous = 15% 
Woody = 20% 

Bare ground & 
water = 30% 








San Tomas Aquino, 
Reach 10 


Composite Roughness: 0.047 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 25% 
Herbaceous = 10% 
Woody = 10% 

Bare ground & 
water = 55% 











San Tomas Aquino, 
Reach lb 


Composite Roughness: 0.048 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Herbaceous =65% 
Woody = <1% 

Bare ground & 
water = 20% 












Calabazas Creek 
Reach lb 


Composite Roughness: 0.048 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 

Herbaceous = 20% 

Woody = 20% 

Bare ground & 
water = 20% 








Calabazas Creek 
Reach 6a 


Composite Roughness: 0.051 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 

Herbaceous = 60% 

Woody = 15% 

Bare ground & 
water = 20% 











San Tomas Aquino, 
Reach la 


Composite Roughness: 0.051 


Date: Fall, 2017 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 
Herbaceous =55% 
Woody = <1% 

Bare ground & 
water = 15% 









San Tomas Aquino, 
Reach 9 


Composite Roughness: 0.051 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 2% 
Herbaceous = 3% 
Woody = 15% 

Bare ground & 
water = 80% 









Los Gatos Creek 
Reach 4b 


Composite Roughness: 0.054 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 35% 

Woody = 30% 

Bare ground & 
water = 25% 








Calabazas Creek 
Reach la 


Composite Roughness: 0.055 


Date: Fall, 2009 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 25% 

Herbaceous = 55% 

Woody = <1% 

Bare ground & 
water = 20% 








Calabazas Creek 
Reach 4a 


Composite Roughness: 0.055 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 20% 

Herbaceous = 35% 

Woody = 15% 

Bare ground & 
water = 30% 










Calabazas Creek 
Reach 3b 


Composite Roughness: 0.056 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 

Herbaceous = 25% 

Woody = 10% 

Bare ground & 
water = 35% 








Stevens Creek 
Reach 2a 


Composite Roughness: 0.057 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 40% 

Woody = 25% 

Bare ground & 
water = 25% 








Calabazas Creek 
Reach 3a 


Composite Roughness: 0.058 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 30% 

Woody = 20% 

Bare ground & 
water = 40% 








Matadero Creek, 
Reach 7a 


Composite Roughness: 0.058 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = <1% 
Herbaceous = 10% 
Woody = 20% 

Bare ground & 
water = 70% 












Matadero Creek, 
Reach 5 


Composite Roughness: 0.058 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 
Herbaceous = 35% 
Woody = 20% 

Bare ground & 
water = 35% 








Berryessa Creek, 
Reach 3c 


Composite Roughness: 0.059 


Date: Summer, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 
Herbaceous = 15% 
Woody = 30% 

Bare ground & 
water = 25% 









Los Gatos Creek 
Reach 2b 


Composite Roughness: 0.063 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 35% 

Woody = 20% 

Bare ground & 
water = 30% 








Calabazas Creek 
Reach 4c 


Composite Roughness: 0.063 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 45% 

Woody = 15% 

Bare ground & 
water = 25% 









Los Gatos Creek 
Reach 3a 


Composite Roughness: 0.063 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 40% 

Woody = 15% 

Bare ground & 
water = 30% 










Stevens Creek 
Reach 2b 


Composite Roughness: 0.063 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 50% 

Woody = 15% 

Bare ground & 
water =25% 









Stevens Creek 
Reach 3 


Composite Roughness: 0.063 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 40% 

Herbaceous = 20% 

Woody = 20% 

Bare ground & 
water = 20% 










Los Gatos Creek 
Reach 2a 


Composite Roughness: 0.064 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 30% 

Woody = 20% 

Bare ground & 
water = 35% 























Matadero Creek, 
Reach 6b 


Composite Roughness: 0.065 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5 
Herbaceous = 40 
Woody = 25 
Bare ground & 
water = 30 










Los Gatos Creek 
Reach 1 


Composite Roughness: 0.065 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 

Herbaceous = 35% 

Woody = 25% 

Bare ground & 
water = 35% 










Calabazas Creek 
Reach 4b 


Composite Roughness: 0.066 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 40% 

Woody = 20% 

Bare ground & 
water = 30% 








Matadero, Reach lb 


Composite Roughness: 0.067 


Date: Fall, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 2% 
Herbaceous = 35% 
Woody = 30% 

Bare ground & 
water = 33% 















Calabazas Creek 
Reach 5al 


Composite Roughness: 0.067 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 15% 

Woody = 5% 

Bare ground & 
water = 65% 









Los Gatos Creek 
Reach 6 


Composite Roughness: 0.068 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 40% 

Woody = 30% 

Bare ground & 
water = 20% 








Los Gatos Creek 
Reach 4a 


Composite Roughness: 0.068 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 35% 

Woody = 35% 

Bare ground & 
water = 20% 









Stevens Creek 
Reach 2e 


Composite Roughness: 0.068 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 45% 

Woody = 25% 

Bare ground & 
water =20% 








Llagas Creek 
Reach 2d 


Composite Roughness: 0.069 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 30% 

Herbaceous = 35% 

Woody = 10% 

Bare ground & 
water = 25% 









Los Gatos Creek 
Reach 2c 


Composite Roughness: 0.069 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 40% 

Woody = 25% 

Bare ground & 
water = 25% 










Calabazas Creek 
Reach 3c 


Composite Roughness: 0.072 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 25% 

Woody = 15% 

Bare ground & 
water = 40% 










Stevens Creek 
Reach 2d 


Composite Roughness: 0.072 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 45% 

Woody = 30% 

Bare ground & 
water =15% 








Stevens Creek 
Reach 2c 


Composite Roughness: 0.072 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 

Herbaceous = 50% 

Woody = 25% 

Bare ground & 
water = 20% 









Los Gatos Creek 
Reach 3b 


Composite Roughness: 0.074 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 20% 

Herbaceous = 30% 

Woody = 15% 

Bare ground & 
water = 35% 









Matadero Creek, 
Reach 6c 


Composite Roughness: 0.074 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 
Herbaceous = 35% 
Woody = 20% 

Bare ground & 
water = 40% 












Matadero Creek, 
Reach 6a 


Composite Roughness: 0.075 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 
Herbaceous = 20% 
Woody = 30% 

Bare ground & 
water = 40% 








Matadero Creek, 
Reach 7b 


Composite Roughness: 0.075 


Date: Winter, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses =<1% 
Herbaceous =15% 
Woody =25% 

Bare ground & 
water = 60% 













San Tomas Aquino, 
Reach 11a 


Composite Roughness: 0.075 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 
Herbaceous =40% 
Woody = 15% 

Bare ground & 
water = 40% 









Llagas Creek 
Reach 2c 


Composite Roughness: 0.076 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 

Herbaceous = 45% 

Woody = 25% 

Bare ground & 
water = 15% 









Llagas Creek 
Reach 2b 


Composite Roughness: 0.077 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 45% 

Woody = 30% 

Bare ground & 
water = 15% 










Matadero Creek, 
Reach 9 


Composite Roughness: 0.078 


Date: Summer, 2017 


Estimated 

vegetation 

composition 

(dotted cross- 
section): 

Grasses = 30% 
Herbaceous = 20% 
Woody = 20% 

Bare ground & 
water = 30% 











Los Gatos Creek 
Reach 5b 


Composite Roughness: 0.079 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 25% 

Woody = 30% 

Bare ground & 
water = 35% 









San Tomas Aquino, 
Reach lib 


Composite Roughness: 0.080 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 15% 
Herbaceous =30% 
Woody = 15% 

Bare ground & 
water = 40% 










Calabazas Creek 
Reach 6b 


Composite Roughness: 0.082 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 50% 

Woody = 25% 

Bare ground & 
water = 15% 









Stevens Creek 
Reach 4 


Composite Roughness: 0.084 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 40% 

Woody = 30% 

Bare ground & 
water = 20% 








Llagas Creek 
Reach 2a 


Composite Roughness: 0.089 


Date: Winder, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 45% 

Woody = 30% 

Bare ground & 
water = 15% 











Llagas Creek 
Reach lb 


Composite Roughness: 0.092 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 10% 

Herbaceous = 45% 

Woody = 30% 

Bare ground & 
water = 15% 









Matadero Creek; 
Reach 8a 


Composite Roughness: 0.092 


Date: Summer, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses =<1% 
Herbaceous =15% 
Woody =30% 

Bare ground & 
water =55% 










Matadero Creek, 
Reach 8b 


Composite Roughness: 0.092 


Date: Summer, 2016 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses =<1% 
Herbaceous =20% 
Woody =35% 

Bare ground & 
water =45% 








Llagas Creek 
Reach la 


Composite Roughness: 0.095 


Date: Spring, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 

Herbaceous = 50% 

Woody = 35% 

Bare ground & 
water = 10% 








Matadero Creek, 
Reach 8c 


Composite Roughness: 0.095 


Date: Summer, 2017 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses =10% 
Herbaceous =20% 
Woody =35% 

Bare ground & 
water =35% 









San Tomas Aquino, 
Reach 11c 


Composite Roughness: 0.098 


Date: Summer, 2015 


Estimated vegetation 
composition 

(dotted cross- 
section): 

Grasses = 5% 
Herbaceous =40% 
Woody = 20% 

Bare ground & 
water = 35% 











